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ABSTRACT 

The  relatively  large  number of meteorological  rocket  soundings  made ill the  United  States  during  1960  indicate 
the  meridional flow at 55 km.  to  he  predominantly  northward. A fewer number of soundings  from Alaska and  Canada 
for  the  same  year  also  show a tendency  for weak poleward flow at the  same  level  but  reveal  stronger  cquatorward 
flow- centered  near 35 km. Tht: data  available  from 19.59, 1960, and 1961 indicate  that t,he mean  meridional flow did 
not  reverse  direction  from  summer  to  winter  with  the  observed  reversal of mean  zonal flow at high levels. Mean 
annual  meridional  wind profiles for Point hlugu, Calif. for the years 1960 and  1961  are  nearly  identical. 

1. INTRODUCTION 

In recent years considerable effort hths been  expended 
toward improving  our krlowledge of mean  circulation pat- 
terns in t'he  stratosphere and mesosphere.  This work has 
been stimulated bJ- a n  increasing  number of direct and in- 
direct observations of wind,  ternperature, a n d  density  in 
these regions. Some rneridiorlal cross sections of' mea11 

zonal winds have  been  published  recently  by Murgatroyd 
[5] and Bat>ten [I] ,  but  relatively  little has been attempted 
in the way of nlearl meridional flow sections a t  high  levels. 

Goldie [Z], Kellogg and Schilling [3] and Palmer [SJ have 
all commented on the importance of more  work  on  thc 
meridional circulation  problem,  and several diffrren t 
models htLve been proposed.  Most of these  models of llori- 
zontal and verticd flow in the  meridian  plane were based 
upon cert>ain theoretical  considerations  backed up by >I 

few observations,  frequently  indirect. 
The Meteorological Rocket  Net'work  (Webb  et ill. [ 7 ] )  

has provided the first opportunity to construct high  level 
cross sections from a number 0 1  direct  wind  observations. 
In this paper  an  atterrlpt is rnsde  to  irlcorporate  the  North 
American rocket  sounding  data  into a cross  section of' 

views of the Navy rkp:vtmmt at largr. 
'Any opinions Psprrserl b y  thr author are his own anrl 110 not nrccsswily wflect t lw 

rueridiontd flow for 1960. In addition, brief comment is 
made on  the  variability from season to season at  two 
typical  stations  and  on  the  similarit'y  in  mean  meridional 
flow profiles at  Point'  Mugu, Calif'., for 1960 and 1961. 

2. DATA 

Meteorological  rocket  stations used in this  study were 
Fort  Greely,  Alaska (64'00' X.); Fort Churchill,  Canada 
(58'47' X.) ; Wallops  Island, Va. (37'50' N.)  ; Point Mugu, 
Calif. (34'07' N.); White  Smds, N. Mex. (32'23' N.); 
and Cape  Cttnaveral, F lu .  (28'14' N.). 1,ongitndes range 
from 80' to 145' W. These  six  stations were  chosen be- 
cause  they  contributed to the  best  overall  data coverage. 
The proposed  firing  schedule of one  launch  per  weekday 
for I month each  season was not achieved  by any station 
and several were even  unable to rnake any launches  during 
:t whole  setison. Nevertheless,  the  observations t'llat,  were 
made  provided  valuable, new information  and should, in 
tllc aut'hor's  opinion, be used to the utmost' now. At 
$1,500 per  launch for thc  rocket  and  instrument alone,  it 
m a y  t,ake  several  years to  build an optimum  network ca- 
pable of maintaining a regular  schedule, even over North 
America. 

For the  mean  cross  section,  meridional  components 
were rcrd from the  published  wind profiles (Data-Report of 
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FIGURE 1.-Cross section of mean rneridiorlal winds (rnetc>rs pcr Figure 1 shows the mean  meridiorlal  wind flow analysis 
second) for 1960. Locations of rocket and ballooIl statiolls arc. (ill IllCt'erS per SCToIld) CoIHtI'llcted fronl t'he rocket 
indicated  by poles and circles abovc the  latitude  scale. soundings 1r1nde (luring 1960. The locat,ions of t'he six 

rocket and t'wo balloon stations utilized  in  t'llis section 
arc intlicuted above thc lat'itude  scale at t'he bottom of 
thc figure. Obviously,  an  active rocket, station in the 
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FIGURE 2.-Frequency distribution  (percent) of meridional wind components  (~netcrs  per  second)  determined from rocket measurements 

at (a) 35 km. for Fort  Churchill,  Canada and (b) 55 km. for Point hlugu, Calif.  Wirltcr, hatched;  surnmer,  cross-hatched. Data 
for 1959, 1960, and 1961. 
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Great Lakes area of the  Unit,ed  Stat'cs would add greatly 
to the  pict'nre  and should be given high  priority  in  network 
expansion. 

Perhaps the most  int,crestirlg and definitely the best- 
substa.rrtiated  feature  in  this  section  is the strong poleward 
maximurn near 55 krn.  revealed  by all of the  United 
States  st'at'ions. In  spite of the  fact  that two of the  stu- 
tions are on the east coast and two in the  southwestern 
area (a longitudinal difference of alrnost 40") their I I I ~ ~ I I  

meridional  wind  profiles are all  very  similar. The few high 
level observations From Forts  Greely and ('hurc~hill d s o  
indicate $1 mean  polewartl flow :it 50 knl.  The (TOSS sec- 
tion t,herefore  shows  the  poleward  current :is being 
continuous slthough  its v:tlidity is doubtful. 

The  equatorward  ~naxirnurn show-11 at' lower  lcvcls  ncar 
60' N.  is  based 011 lhitmed  rocket data. High l(vt.1 
balloon soundings  intlicatc that tl10 u-inkr antic>-nlolle 
over the Gulf of Alaska is f requent ly   pret lor~~i~~ant  trlougll 
to give a 111can annual  equatorwa~rtl flow ovcr c:entr.a.l 
Canada. If real,  the  two nlericlional cirxxdatiorl fcaturcs 
taken together would point to strong rncridional con- 
vergence in  a  broad  lat~itudinal zone ovc'r nortlherrl N o d l  
America. Evcn disregarding t h e  equatorward  branch 
and the sign of the poleward flow at 50 krn. fart,lwr north, 
the strong  poleward cell over the Unit,ctl States would 
still give indication of Ineridional  corlvcrgcncc and 
probably considerable  subsiderlcc in t I I C  polar r~~czosphrrc 
at the latmitutlcs and longitudes c ~ v c w ~ l  h c r c .  

4. SEASONAL VARIATION 

In a11 earlier  paper  Masterson,  Hul)clrt, and ('am 141 
showed t8hat at  Point  Mugu  tllc mcritlional flow dit1 not 
exhibit a seasonal rcwmal cxwpt. h l o w  30 ~ I I I .  (and 
possibly a t  hcight,s above the cross section  prcscntctl here). 
In order to test this  finding  with  a  lwgcr  nunlhcr of 
observations, frequency  distributions were constructed for 
winter (Oct'ober-Marc.ll) and  su~mner (April-September) 
for stations n c m  tllc  maxima  shown  in  the cross sect'ion. 
Figure 2 contains  the  distributions of observed rneridional 
wind components  for  all  rocket  soundings rcachirlg (a) 
35 km. at  Fort  Churchill and (b) 55 km. at' Point hlugu. 
In order t'o obtain a more  representative  picture, (lata 
from 1959, 1960, and 1981 wcro used in  the graphs. 

At Point  Mugu  the absence of a  seasonal  reversal  in 
meridional flow a t  tmhc levcls studied  llcrc  is  quite  clear. 
Over Fort  Churcd~ill a t  35 I t m .  t,ht s ~ m n l t ~  flow appears 
to be weaker but  is  still southu~ar.cl in the ~ ~ e n n .  'I'ht: 

fact that  the  rneridional  wind  did  not follow the zonal 
wind in revcrsing  dircct'iorl  from S I I I ~ I I ~ C I '  to wirlt:r is 
interesting. If data  from a worldwide  network  continue 
to bear out  this  result,  future  circulation  models  rr~ust 
explain this difl'crencc. 

5. ANNUAL  VARIATION  AT POINT MUGU 

Figure 3 represents  the  mean  meridional  wind profiles 
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FIGURE 3.-Profiles of  nun m 1 1 n a 1  meridional  wind comporlcmts 
(meters per second) from rocket soundings at Point llugu, 
Calif. 

at  Point AMugu, (hlif.  for 1960 and 1961. Only  rocket 
data were used to  const'ruct  the profiles, and  means were 
computed  at 10,000-ft.  intervals to obtain  more  detail. 
The  similarit'y  between the two years  is  striking. It is 
interesting t'o note  the  weak  equatorward flow obtained a t  
40 km. during  1961  and  t'he  double  maximurn  near 55 km. 
for both  years.  Since  Point' Mugu firings are conducted 
toward  the  southwest, t'he latter  phenomenon  may be ex- 
plained by a  bias  introduced  near  the  very  top of each 
sounding. If one  type of rocket  consistently  reaches 
apogee near 55 km. and a  second  t'ypc  somewhat  higher, 
1no111entu11l oI' the  payload at sensor  ejection  may  lead  to n 
slight  dip  in  the profile. 

A discussion of annual  variation at  other  stations will 
have to await  publication of more  observations.  Based 
on the  similarity  found at  Point  Mugu,  one would be 
tempted to  expect  only  minor  changes to appear  at  the 
other  United  States  stations  for 1960-61. 



6. CONCLUSIONS ACKNOWLEDGMENTS 

Frorn t>he results  shown here, one  can say that  in 1960 
there  was strong polewartl flow over most of the  IJnited 
Stat’es near 55 knl. a n d  probably  cquatorward flow (;err- 
tered near 35 krn.  over  the  north-ccntral part of the con- 
tinent. In addition,  there was evidently no seasotla1 
reversal  in  the  meridional flow during  this  period,  and  at 
Point  Mugu  little  change  in  the mean ~neritfional flow 
profiles for the two years for which  dat’a. are available. 

We know that  the zorlal winds go through a tlrarl<ctl 
reversal  at’  these  levels  with westerlies in winter  alld  cast- 
erlies in  sutnmer. Frotn this fact and certain  radiational 
and  frictional  considerations,  Kellogg ant1 Schillilrg [:$I 
deduced that the meridional flow should  be  directed  toward 
the  winter pole above  the  tropopause  with  sinking ttrotiolr 
over  the pole leading t’o  low-level outbreaks of colt1 air in 
winter.  Their  rnodcl tlcrrlands a seasonal  revcrsal it1 t h e  
flow along  the  meridians. The results f‘rolrl tlrc vcry 
limit’ed area  st’utlied  hcre do riot’ confirrn  such a reversal. 

Based upon rrreridional cross sections for density, Goldic. 
[2 ]  derived a circulat’ion  rnodcl cotnposctl ol  three c.clls i l l  

t,lle  vert’ical. T h e  uppernrost of‘ these calls for equator- 
ward flow in both swnmer and winter  near 3 5  k t n .  and 
presumably  poleward flow somewhere abovc 40 or 50 k r r t .  
The  lirnited  sector  covered Irere gives evidence  to support 
this flow. 

I t  should bc reiterated  that  these t h e  figures are 1)nsctl 
upon a srrlall data  sample front a linrit’etl area, and tllat’ 
only a global  net’work of rocket  stations  can  givc a cotrtplvtc 
picture of meridional  circulation a t  high  levels. I n  tcr- 
national  expansion of thc  hieteorological Xocket Yrogranr 
should  be  encouraged. 

‘I’hc author is indebted to A h .  Willis Webb lrorn White 
Sards 11issilc Range  and to the Pacific Missile Range 
Weather  (lentcr lor making  available  the  data  upon which 
this paper tlcpctldotl. ‘I’hc work was carried out while the 
author was assigned as Strike  Fleet’  Met’eorological Liaison 
Offiwr in Europc and was perlormet1 at, t’lre Norwegian 
~Ictrorologica~l rnstituttr in spacc provided by Director 
fL. Fj@rtol‘t. 


